Abstract. Convolution and correlation operations are important tools to solve application problems in the field of signal processing, digital image filtering, earthquake detection, etc. As of today, however, there are no materials that can systematically and completely cover the concept and the specific application of convolution and correlation. From the perspective of mathematics and application with digital image processing, this article presents a detailed explanation on the concept and specific application of convolution and correlation, to serve as a reference for relevant study and applications.
Introduction
Convolution and correlations are mathematical operations, which are important tools to solve application problems in the field of signal processing, digital image filtering, earthquake detection, etc. It is very important to master these mathematical operations in order to solve pertinent problems in application field.
The Concept of Convolution and Correlation

Convolution
Convolution is a mathematical operation that combines two functions f and g to produce a third function. It is defined as the integral of the product of the two functions after g is reversed and shifted, it can be represented by the area overlap between the two functions [1] . The mathematical expression is as follows.
(1)
The function f(x) is known, g(x) is in general manually set depending on the application. The function h(x) is the convolution of the functions f(x) and g(x). In real application, convolution can be used to represent the effect process on the input signal of detection system or observation equipment.
For scattering cases, the expression is:
Correlation is similar to convolution, except that g is not reversed. Correlation is normally used to measure the similarity of two functions relative to each other, common applications include signal detection. The mathematical expression is as follows.
Array A={……,a1,a2,a3,……} is known. Given array B={b1,b2,b3}, becomes {b3,b2,b1} after reverse. The computational process of convolution C=A*B is shown in Fig. 1 .
A where the empty point is assumed as 0.
2) Move array B one space to the right, result of the second step in convolution A*B is:
Move array B to the right one space after another, the final result of convolution A*B 1.4 Two-Dimensional Convolution Given input image A and the n × n convolution template B (n = 3 in this case), then the convolution A*B is shown in Fig. 2 . clockwise about the center element), then carry out convolution computation. Fig. 3 shows the method and result of how the upper left element is derived for A*B. 
Processing Strategies for Boundary Points in Image Processing Using Convolution and Correlation
When processing images using convolution and correlation, the data overlay of template data on input data is divided to complete overlay and partial overlay, as shown in 错误!未找到引用源。. The partially overlaid data are normally the boundary points of the input image, how these boundary points are processed, influences the visual effect of the resultant image, or affect the subsequent processing of the resultant image [2] . Therefore, comprehensive consideration is necessary based on specific application needs. Depending on the actual application needs, the following strategies can be adopted for boundary points processing.
Neglect the Boundary Points
There are two ways to neglect the boundary points:
1) The values of the partially overlaid points are unchanged [3] . This processing method may produce image artifacts due to the difference between the output processed pixels and the unprocessed pixels.
2) The values of the partially overlaid points are substituted with assigned constant. If assigned constant is not zero, the resultant image may contain artifacts at the boundary points. If the assigned constant is zero, the resultant image becomes smaller than the original image, and this affects the subsequent processing.
Expand the Boundary Points
This method expands the data points at the boundary of the input image to allow partially overlaid data to become completely overlaid data [4] . The boundary point's expansion can be realized as follows.
1) Zero-value expansion. All values outside the image are assumed to be zero. This method causes the boundary of the processed image to darken. The darkened width is directly proportional to the convolution template size.
2) Equivalent value expansion. Values outside the image are assumed to be equivalent to the image boundary values. This method reduces the impact of image artifacts.
3) Mirror image expansion. Values outside the image are assumed to be the same as the row or column values near the boundary of the mirror image.
4) Periodical expansion. The image is assumed to be a two-dimensional periodical function, the pixel values appear periodically in horizontal and vertical directions.
Image Filtering Method Using Convolution
In MATLAB, different filtering result for an input image can be achieved using different convolution template [5] . The designed template is called the filter. Linear filtering is a commonly used method, it is normally realized through the combination of functions imfilter () and fspecial (). The call format of the two functions is as follows. 
Summary
Mathematics, as an important tool, its algorithm is abstract but practical in application. Being able to master the concept and be flexible in application are fundamental.
